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(57) Abstract: 

PURPOSE: Provided is a process for producing a cyclic olefin polymer containing a polar functional 
group in a high yield and a high molecular weight, which has low dielectric constant, low 
hygroscopicity, high glass transition temperature and is excellent in heat stability, oxidative stability, 
and chemical stability. CONSTITUTION: The cyclic olefin polymer contains the polar functional group 
having a molecular weight of at least 100,000 and is produced by addition-polymerizing a monomer 
containing a norbornene monomer containing the polar functional group in the presence of a catalyst 
system at 80-130deg.C, wherein the catalyst system contains a 10 group transition metal compound 
as a catalyst represented by the formula 1 or 2, an organic compound containing a 15 group element 
as a first cocatalyst, and a salt giving an anion containing a 13 group element as a second cocatalyst. 
In the formula, M is the 10 group metal, n is 1 or 2, R1 and R2 are independently hydrogen, C1-C20 
linear or branched alkyl, alkenyl, or vinyl, hydrocarbon substituted or unsubstituted C5-C12 



cydoalkyl, hydrocarbon substituted or unsubstituted C6-C40 aryl, C6-C40 aryl containing a hetero 
element, and etc, and R3 is hydrogen, halogen, C1-C20 linear or branched alkyl, ally!, alkenyl, or 
vinyl, hydrocarbon substituted or unsubstituted C5-C12 cydoalkyl, and etc. 
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SL 1£- 11-14 1~6# ^£1 *r€- ^ ^4^(Mw)t i+BfvS a^H*]^. 



o]^(Tg > 250 1C)# 7^]^ cfl^ ^^o] ^*}7>ul 

TFT-LCD3 ^H)-, isL^^, 3.§(mu1tichip modules), ^3 3JL(IC), 

J^7l ^-(printed circuit board), 3*Mi*H2l ^^§^]oKflat panel display) f-St #*?-3-t- 

^ *r-8-£H*} 4 s uiel^ ^ v ^-cr ^^V5^f ^^5. ^*S^H 

^«*M wl*H m^^a, -f^*K2. ^«-*^#o| *H-t- #«rCD, DVD, POF(P 

lastic Optical Fiber)** z>£ ^^^fl, ^£ (Capacitor) ££r *$£L&*b±Jl. ^\7) g * 

aj*]^ (Blister Packaging) ^-§- 4i^fl^ ^°<fe>?fl ~g-§-^i ^ 

°m S^^r JL*^ #3]^ ^7]^ *\-7] i*fl i4Hf\f «f<2f z*c>l ROMP(Ring Opening Metathesis Polym 

erization), HR0MP(ring opening metathesis polymerization followed by hydrogenation), ^^^^-^ tr^th 3? 
3^ ^ 1- StlaL, D|^-ffl Ni. Pd-^^ zJ-£- ^ ^ufl-f- A>-g.^j7 ^cf. o]e^ ^n])§ 

f^^r. ^Ifc ^2:^ #3r# ^-^<H c^- ^.^ ^ Jl^l- ^1- 



-Ursj- 3L7B ^<H^1^, ^s. ^^1^ ^^[cj.. o|^ z>o| ^Ife- ^^( 

Reaction injection molding)ofl 35. 7)^-o_^ ^M(Tenny) ^ofl 2]^ n)^s.^ ^15,011,730 

^7lojAi >a^^ <g3j ^ A±ty oV^Aj ^E]j7 ^ -fr^^ol^^^ &*H7} ROMP-^ 

Ir^-i- ^*>7l ^^1 ROMP-^^-^11- Pd ^^r Raney-Ni 4 ^ ^ufloj oj^ «V-§-a1^ o>^tb 

Ai5.7> ^51 cf. >L>^ °J-^^^- ^cflsiq- ^ov^^oi #^s|^ uftf 

HS^. ^l^l^S ^7fofl 51^) wl^ wl^-o] - 7 >^ Aj.<g^ ^-ofl 7 > sqjz. Six^. 

^•71 ofl^^oii.^ }n^>d!^ ^^S. SM-(Leuna)^Hl 21«H e!^-^)^ <^l-8-^ 



1] 
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Sj$io_q. ^ & ^*t7} &%£L^ Sl^Tq7} 140 C^I^S (Koinze 

r, P. et al.. ^ *fl 109,2243:). a^f aJ-^o) o^( A pel)ol^^- <2<H£.° °1 ^ 

^-f £3L7\ ^Sl^Sl JL&a^S] ^&*t7\ ^oJ^JL ^.JL^Si^CPIastic News. Feb. 27, 1995, p.24). 

3L*)*§ Si^SH ^£7V £r*KM %s§*) o) +el«<>l*£7f ^ 

Tg < 200 Ji*!^. l^^*) ^cflSj<H£ 7]7i)aJ ^5.^1^ ^5K^fc-§-nJH tfl£ tfl 

<#7] Jie)^ -§-efl^[ ^MISl ^-7}(addition) 7fl°l^.H ^°1 [Pd(C 6 H 5 CN)CI 2 ] 2 ^ D H1" *r*« ±2-^ 

^th-§* iiuL^St^KGaylord, N.G.; Deshpande, A.B.; Mandal, B.M.; Martan, M. J. Macromol. Sci.-Chem. 1977, 
A11(5), 1053-1070). *1 3*fi l-eliiJi\3£- ^^l ^JL ^^-^^ -R-7] 

-g-pfloj #o.uj -R-^^o) ^-s.^ ^o]*] ^-ji <S£.*fl7> €*4(Kaminsky, W.; Bark, A,; Drake, I. Stud. Surf. Cat 
al. 1990.56.425). ti J^<H) *7l<HM *flo>^ Pd _^ ^-*fi# A r -§-*}<^ #el}nJi\3£- tfl ^eV#5.,£.°flli3!(Tetra 
chloroethylene), #5.5.^1^1 (Chlorobenzene), ^#S^*^(Dichlorobenzene):4 H£r TT-7l-g-u)H 
€r 100,000 ^| A o Vo l^-. Tg^r 300 t: ^l^l 

«ls ji^7f ^ A>^-s)7i ^^a^ ^ej§ -a-^. ^2]^ i+ol m^lH, <g*r 

EjoMH^J- BCB ^ ^-f ^ -**MJ* ^^}7]7l cf^uzf ^ ^ojsj^^l^^.^ ^14,831,172 

^). 

7l*J (Substrate)^ Al^^(ami no -propyl triethoxysi lane) <>1M- J^s} oflSAjtal v^^tnethox 

yvinylsilane) -§-*r -fM^e ^#^5. *]£\^t ^ JL**H+ J***]- *b§-A] olnj) 7l^(subsra 

te)^l wl^7]7> JL^7}i+ JL^T} ^^^S) A]^;7l$J- ^^<H 7] ^ (substrate)^ Jl^^* 

5!^- ^e1zi#°l Jiem ^iHm ^ ^7?1 ?]^*3*%7} ^^o] ^i}. 

Si 5)-^ ^Bl^ ^ ^t^. 3j"§-7l# 5L«-^ ^-^^11: §^*>fe ^ al-* 

&7^o] ^ uj-^^. ^113,330,815^:). 

°]*\& ^^^f 7M ^S-^oj £ <y^oi^ ^ ^ ^^o.^. ^ 4-8-7l7f ^tfl * 

^ ^7l ^ ^7l7> J£<>J^ ^-^-l- ^^l^, ^^^o]^ ^ O.^ ^i^el^Ai 

^(Fink, G. et al. Macromol. Chem. Phys. 1999, 200, 881). *1 ty^^r ^^^d! ^^^I^ ^^ v ^l * 

^ (Polymer chain)^ £°J^ ^1^1 «J1 *^^1 #t+. ci^o] £ oj^ ^^o], ^^1^, t±x\ 

^ ^i^l ^-^^ ^ *hg-7l# 2SL^^ ^^11- (chain termination agent)^ ^^v^oj ^^-^ 

^ ^jAl^oj^nl^^ ^15,179.171^). H^t4 o| ^ ^^7\ <£z\SL3. 1:<B:^^j2. §e|*J, ^ 

ole^ ^AJ £ <y^ ^^Efle 7 | r ^^7J. SB^ ^«7lf- 5.^-^}^ hLlL^ *A 

*B S^S- ^^7} ^^^^^(Risse et al., Macromolecules, 1996, Vol. 29, 2755-2763; Risse et al., Makromol. 
Chem. 1992, Vol. 193, 2915-2927; Sen et al., Organometallics 2001, Vol. 20 , 2802-2812, Goodall et al., n l 
^^r*\ ^15,705.503^1; Lipian et al., WO 00/20472). 

[Pd(CH 3 CN) 4 ][BF 4 ] 2 «^HH ^^.VS ^^BflS !n^L\S f 1 ^^ ^ *t 

^-o) y-jL ^4i(exo) ^l^^^l^ ^3-^5. y^^I^ ^.Sx+(Sen, A.; Lai, T.-W. J. Am. Chem. Soc. 1981, 

103, 4627-4629). ^1 *l^ eJ>Hl ^ [(7 3 -ally)PdCI] 2 * AgBF 4 , AgSbF 6 ^ ^ 2: 

%^B^ S^^Al^Tii^, [Pd(RCN) 4 ][BF 4 ] 2 ^ ^°8» ^**f^^r. -8 [(1,5-Cyclooctadiene)(CH 
3 )Pd(CI)]# PPh ^ Na - [3,5-(CF 3) 2 C 6 H ,] 4 B - 3i%"m 9^^}^. S 

^ u l^*1 >U5,705,5035:^ ^71 el>| ^ofl oj^j) j£ji^ ^5zf ^-A)-t!: ^nfl ^ 3 - a ily)PdCI] 2 # AgB 
F 4 £E*r AgSbF 6 5. Al^ ^^^^t 7l^^-«t^. 

^l^^r oflA,Efl^7l c>M^7l# ^\«^ ^-f. %^H# ^r^^l tfl*l ^ 1/IOOoflA^ 1/400 ^ 

*13 a>^.^-ji ^ ^ ^nj) ^Va>^ ^|7l*>7l <H^-^ J±<ach el ^ ^(Lipian) ^^1 ^*r<H M] 

^im^&lt WO 00/20472^ %«fl^* ^^1 ^*«r^ ^>d!^l ^r^^lB) ^a^SI^M- 7l^ ^Alofl 

# ^Ji^ icJa.^1^1 ^^1^ ^i!^\fl SE^ ^iciL^ -a^iija.^^}- tk£r 
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*\-JL 91*%. <>i±*%E. 2n2±\fl2l f^2) ^ 117°I1 M-S* Slfecfl ofl^ej] s ^nyisj ^71 -f-^^o] ^^JiLifl 

BL® ^) ^ ^1£(W0 00/20472)21 *<H^ *l*r#°fl 2)*H 2001\3°9 Sr^(Sen et al.. Organom 

etallics 2001. Vol. 20 . 2802-2812)* jg.^ ^ ^21^21 ^^a) ^£0] 40 % o]^o) jj, 6500 3 

£21 ^ S^r** cflw] o£ 1/400 ^ £ oj ^u(i<y:^. a}^^- 2^7)- 

(Risse et al.. Macromolecules , 1996. Vol. 29. 2755-2763) [(?? 3 -ally)PdCI] 2 ^ AgBF 4 Sl^t AgSbF 6 2J 
*r-§-*M ^I^^l^^s ^a] 60 % ^J£21 ^ ^-t^r ^a^l^> 12.000 ^IE2J ^ ^ 

^ tflUl 1/50 ^£21 °J ^nfl*^ Af-g-^ojcf. ^-uj)^ ^ A]-§-^ ol-fr^ ±^2) 0^^27)1+ ofAfl^ 

7l# ^ **&7}7}^«\ S->a^-el<>il nfl3*M iiL>d!2l oi^^-o) ^ufl^^ejoq yfl^^] ^^-^ <y*fl 

-S-A^-g-* S^HM-fe- $m(Risse et al.. Macromolecules. 1996. Vol. 29. 2755-2763; Risse et al., 

Makromol. Chem. 1992. Vol. 193 , 2915-2927). 

5L^*Hr icJ&\S ^*SM)2l ^i(exo). <*SH(endo) °1 -$31*11 al^r<fl nj-er ^^-#>yoi 

^^cf. ^£ <>]^*l*flS* ^ufl7> ufl f^)?<£f, iiJiL\fl2j o|^||- f 3 Sl Jl iiiL^ <H|^s 7 )7}. 7) ) 

^ 3iel(six-membered ring) ^3)21 *}-§:-§• ^d}*) ^-S^a^ #3. av-^£_o_ ^ ^ ^ ^ofl, o]^ 

ti-^f ^.^tf. ^leltJ: Pt^-^-^^efls v^^vfl sj-sj.^g.*! ^l^a}^. ^ a} cl5. 

^^^^^(Sen et al.. Organometallics 2001. Vol. 20 . 2802-2812). °12^ §o| ^.aj ^%7\% 7}Q <S£ ^1^^ 

a^lJE.^ ^ ^-8-71^ 3£^}^ Jiel^ ^^-ofl ^efl 7l$#^ ^ a^- ^aj ^ 

•ir^4 ^^-i- 5L^n ^ ^^=21 ^ufl A r -§-, ^ ^ ^-*Hf-£ ^L^^W-. 



^71 ^Efl7)#2] ^-^)^# 31^^r<H. ^-§-711- j&^SKr oLHl^ ^ej^^) ^l 7 j. ^^y^ 
^ W ^^^r ^ ^"8-7l# 5L«-^ ^^21 5L3- ^^^fl. £^ ^^^% v ^2l ^] 

^ ^^21 £ rf^ ^^Sr -B-^^7> ^nl, *^ol ^J7 r -8-El^JoJ ^^ 7 f ^O.^, <8^^AJ ^ AV^cy-^Aj^^ 
ative stability)^! -f ^rtfrJL, ^ty^o] -f ^^-Jl ^7lo|( toughn e SS ) f ^-^^^o| ^a^ ^-g-7ll- 

alBl^ -i-ei]^^ ^7> #^21 ^l^i^^-i- *f|^*Kr ^^1^-. 

^ ^21 j£ ^ ^-3}^. ^sl f ^ r ^ 50. ^.^o, 71^ (substrate) <H1 * ^Sj^f ^ 3}--g-7l* 

^21 uf^. ^aj^- ^-svjg^ ^ 59^21 Af-g^g ^ ^ ^ S-Ajol -f ^a§ ^-8-711- 

i£«-«r^- Jiel^ *2im^| ^^21 ^1^*^ ^^iq-. 

^21 S cf* ^^^r ^333., 51^^71^- ^ ^^(multichip modules)^ ^^^<H1 A)--g-^ 
^21 s rf^ ^ ^^fl2l 7)*} (substrate)^ ^ SI^ ^ 4-8-^1- jl 



^^21 gj 
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& ^71 ^-^-i; ^ffc] 3*}-^, ^}^(Mw)ol a}<H£ 100,000*] ^ ^-g-71-1 ^*Hr JLBl% -§-*fl^7fl 

^ ^-8-71* #-f{-*Hr 2c2i^7|| i&^MI* 3L#*Kr <ft*4« 

i ) ^*H3., *M 1S> SLA]^^ 3^#, ^71 25. 3L*]S]^r 3*^21 10 ^ #°1^ 3-^; 

ii) *0l 3 2:^°J|^. 15^ -g&f- 5L^*Hr -S-7] ^ 

iii) *B2£l 13^ 5L«-sRr ^-o)^ ^<&^<* 

# 3£«-*Hr ^JW^*33 aMI^-g^ 7)^*1 80 130 TC2J ^S<>M ^-7}- ^HsHr ^] 



R^SR^W ^3 ^-fc; 1 vfl^| 202J *J<§ SE^r 7>*] ^ <Sa. SE^r *&3}-^ 

S£r *l«r*]*l ^4:^ 5 12^ Al#5.«£z} ; ^3J*^4:£. £^ 6 

*1 402J -a^l- i^-SHf ^4:^ 6 vfl*l 402] ^JK^S. ££r *l«£l*l 7 vfl 

*1 1521 ^ti(aralkyl); 3 M]*l 202} ^l^(alkynyl); SL^r ^53! -fl^i* ^M- vfl*l <g 7 fl i^^r 

£xr 7>*1 ^ 1 vfl^l 20 2J S^r «>H^H; 

R 3 ^ ^dh; <th£^ 1 vfl*l 202] £^ 7f*l <£Q <£^ r <£?fl^, £^ Ul\3; ^Sj-^d^ £ 

^ ^4:^ 5 MM 122] *1#5. <£*J ; ^3K*4:3. ^ 6 402J 

1521 °>l*-*}(aralkyl); 3 tfl^l 2021 tt7l^(alkynyl)°m. 

5^ A o v 7l ^l^Hf^J^S. ^l^slfe- ^ ^7]* Jie)^ -§-31^74) ^7f 

^ ^*7l§ ^^!t4] ^21 ^£^1^ ^. 7 re«.*tt! aL 

^SSt^m. ^& ^^21 >J2:^€- ^r*S. ^ «r^-*SJ ^ 4*7l7^ oiel% #Bfl^7fl ^-7} *«4C 



(3J**M 1) 




(S-^ 2) 




^-71 fl.^ 1, ^} ^^l 221 



M^: 10^ ^-^oJj7; 



& 1 2^JI; 
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*7i^ ^ -irei^ ^ ^7\*}jl &*Hfo| <g^*n 

SJ<H ^ ♦'S* ii*!*! Stt *± (Kaminsky et al. Angew. Chem. Int. Ed., 1985, vol 24, 507; Brook 

hart et al. Chem. Rev. 2000, vol 100, 1169; Resconi et al. Chem. Rev. 2000, vol 100, 1253). £S ^ 

Si^KKaminsky et al. Macromol. Symp. 1995, vol 97, 225). ZL^uf ^ifloj <£e};*l -^-aj zi^?)^ i^sj-fe- lnJiVjl 

^#*B* «3 *V-§-3£r ^r"il^£- ^«-£r£# 80 r ©ltf*.s. -t-^l^i cfl^ <I-g-*8sH *^o] vjoM jl^^v 

^^1 ^*fll- *fl2^ * 80 MM 130 VS. ^ ii^^ ^-y ^-8-7lofl o]*() 

80 MIa] 130 ^±5. <8^°fH 40% °] A ^ f^ v 100,000 ©1^3 7>a]^ ^ 

*|-*7l« 7>Aj JLe]^ -§-^7*) f^*flt; *g^# ^1*^. ©l*r ^ ^AlA.gc] 80 TC <>1^3J ^ 

^ofl^ $«HSl^ <a^^5. JL^oflAi xa-^^o^ ^ ^ol^-g ^nflS+oj aj^ 

^^-g-o) ^l^^l^ 80 130 TC <>li}. H^q- 130 "CI- 3:^^ ^%S2r£t- ^^<H)^ 

7l7fol^cf. 

^ ^ aV-g-711- ^^-^ ^-71-^^ nfl A]-g-5q^- A)^Bjo. a) ^ofl^ ^7} 15. J£A] 

^ A o v 7l ^aj 25. JLAl^fe 10 ^ ^ol^ b) *Bl3 ^^fl^, 15^ -S^l- 

^ -B-71 ^ C ) *123 13^ €^1: .5L«-*Rr -§-o|^-i- ^ gj^ JE^i*. 

A o v 7} a)^1 ^n])o] 10 ^3 ^0]^.^^°.^ 10 a ^oi^ofl ^^oHl£M|ol^(acetylacetonate) e1^> 
H7> wfl^)^ 3}^!-^ 80 ^a] 130 ^ ^ioflAl <S^5]Al ^-o_^a^ ^ igA§^ 

A ^7| b)S] 2^flo] 15^ 3E.S-*fe -8-7]^^!-^ ^t\) <$Q-§- § ^ al^-* ^^V^ 7^ 

(»^^ 3) 

P(R 4 ) 3-c [X(R 4 ) d 3 c 
A J-7] 3f^Aj 3^1 

R 4 *r ^ ^r^; 1 ^fl^l 20^ a}^ vo^ 7>a) <^^, ^a], <^^, ^?])^, SEfe- «l^; ^-^4x5. 

^ ^l^r^^l ^4:^ 5 MJaI 123) Al§^^ ; <£SK^5. ^ISrSjAl ^ 6 vflA] 40 5] 

o)-S; *£SHr^ Al^^ £^ Al^A] 7 iflA) 150] o>^^( ara | ky | ); ^ 3 vflA) 20^1 

alkynyl); 1 M)a1 1 0 S) a^^ 7^ <£*J)*ilJ, ^^(^-^ 1 Ml a] 10^ Alig 7>a] <^ 

^1)^; M^(^*^d:5 a]^5]a1 5 Ml a] 1 2 B] a)^^^)^^ ; H^(^r^^^^ 

€ SE^ Al 6 vflA] 40^1 ^)4i^; Mel(^:^4i5 aI^^ SE^ a) £3 a] o. 6 vflA) 4 

0S1 0>^^-Al)Aj^ ; JE^(^^ 1 VflA] 102} AJ*J 7fA] ^ ^^^^-A); ^ ej (^5)-^^:^ £^ A^S) 
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^ ofD^^l^al; *1«S ^)«:7l^ 7)-*) ^ §^<£zJ, £1 SJ^. 

(R s ) 2 p . (R 6 p ( R 5 ) 2 

R 6 1 ^1*1 53 <5J% SEfe 7}x| <£?fl\i, £fe i&SK^S. *l«r£ £b 

4^ 5 M]*] 12°] a) #5.^; S^r 6 20 B] of^ ; *m 

€ SE*r 7 153 ( ara | kyI )o)tK 

4 V 7] c)3 *i]23 2:#«H«a 13^r #°l£r* ^ #$J-x] 5 ^ j£A)s]i=. <#o) 

[Cat] a [Anion] b 

Catfr ^rfc; 1^ 2^ SEfe- 3<>)^r3 oj o)t <£o|£^ «-^>^ ^ °]^<H^ 

^ >5d^3~b <£°]£r°H, °1 *<f*l*°Jlrr ^7] b)3 o^Tfl ^1&*Rr a!** *l*F8-# 7f^l 15^ 3-7] 3}-*^o) ;g^v 

Anions -#7] 1, SLfe 2 5] ^ M*H ^ 5U^ ^-o)*<>H, J!iUfl°m, ^njufl 

[SbF 6 ] - , [PF 6 ] - , [AsF 6 ] - , ^1>^j2-£.<>M13H H(perfluoroacetate; [CF 3 CO 2 ] - ), *\W*t- 
^-^^5.^^- v il°l^(pernuoropropionate; [C 2 F 5 CO 2 1 " )* ^#^-^^"¥-^^°l^(perfIuorobutyrate; [CF 3 
CF 2 CF 2 CO 2 ] - ), ^^^(perchlorate; [C|0 4 j . j 3^^-§^<a^iMlolE( p ^ to , uenesu | fonate; [p 

-CH 3 C 6 H 4 SO 3 ] - ), [SO 3 CF 3 ] - . Ae^ifl^, « *]§r£Mx+ *1^£]*1 

a^bb °<f°l*^ -g-oj^oj 7))^ 14^^, o|^o_ cat <q. anion o) ^71^ 0.5. f^°| ^£ 

K?] 53 <#*1£-^- -f[-7j^ [NH(R 7 ) 3 ] + r ^ [M(R 7 ) 4 ] + o] ovs-^; [PH (R ? ) 3 ] + 

# Sfe [P(R f ) 4 ] + 3^3L^r; [C(R 7 ) 3 1 * ^ ^>^^, [H(OEt 2 ) 2 ] - , [Ag] + , [Cp 2 Fe] - <>1^- 

<H^9 -y^TT <^7|o{|A^ Aj- 7 ] zj-Z]-oJ R 7 ^ 1 vfl*) 20^1 ^ £^ 7>^] ^ 

^5.^5. Alft^ ^ ^ ^ ^^S. SHr ^l^^) ^ 5 MM 125] a)#^<^^ ; ^ 

^.2.^ *1^E? ^#5.^-^ <ar3K^3. ^]«:€ £r ^l«:S]x) oj.^. 6 M)^l 402] of^ 

; ^5.31^^. £^ ^ ^n^r^S. ^ ^ 7 15^] ^f^^(aralky 

A o v 7| 50) ^.eflo]^ ^ ^n]vi]o]E^. e]-7) 2]-^-a] 5a £r S]-^^ 5b5. Sa]£]^ -§-c>l^o] w}^^ 

(^^^ 5a) 
[M(R) 4 ] 
(^^^] 5b) 
[M(OR) 4 ] 

^7] 5a. ^ 5b3 ^^^1, 
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z+z+Sj R ^S^dL; *L5. *l«*JSW*+ 1 vfl*] 20^1 ^ ^ 7}*] ^ £ 

*1 6 *fl*l 40^1 <>>fi; 3 20*1 Sir A*\ ^^^H^l SE^ ^4:^ 18 48 

B| Szfe 7>x] ig^ ^eloV^^^l^ ^ 6 403J ^-^0.5. Sir *1 S^gr 

^ihh^r 7 vflxj 152J *>^z}(aralkyl)°l 

>^7l i ) 10 **SH Si°l^rSm# 1 ^; ii) 15^r -Sd^ 3L^*Rr -3-7) 3j-^--§- 1 vfl*) 3 S 

iii) 13^ X^*Hr *1^ V 3 s Sife <8 1 2 §Sj 2^1^ 7**1:2. ^^Tfl ^cHi=*JJ*3 ^ 

^ *1^3 A>-g-^(^ofl ^-g- 71^)^ ^7> -f-^S)^ ^ 3-g-7|t: 3L^^ ^^kS^l ^*fl 

^ 31*1 1/2500 1/20000^.5., ^nfl Aj^^r} ^>fl #uj)f: A)-g-*t^i*|£ ^ ^-8-7|# 

^ ini^^] <&«*ll- ^ 5U^. ^ »>?M« ^°fl ^r D H ^J£\S ^*fl 1/5000 vfl 

a] 1/20000°ltf. 

#7| ^xfl z^o) ^ Aj§ § o 1Q ^oj ^o]^ J^*, 15^ -S^l- 3E.«-*Hr *fr7l 5j-^#, ^ 13^ $L 

tiM^l#5.[2 r 2,1] < SM-2-^l(bicyclo[2.2.1]hept-2-ene)) ^^^ll" 



^ ^ 4^711- i^-^ Jie]^ *efl€7fl ^-7} ^^^1^- Aj<H^ ^ ^-g-7]# hzQ 

^ ^OJA^ ^uHAl^^^l ^Tfl ^<H1>H ^7> ^I^fTl^ Ai^. ^ ^ 

^■•§-711- i^^- tii^Til itHMO* ^7} ^ ^-§-7ll- 5L^^- ^^.\57fl ^^1-^ ^l^-^^l 

SE^r *^«-^81- ^1 2:^71 q-, SE^ ^ ^-g-7l# 3L«-*>fe- iiA^l^l ^ ^*7l# 5L^"^-a] ^ ^ 

iLVfl^ ^7} ^f*v^H >S-€ ^^ v ^l« ^3E« ^ 

^1^- ^ ^ ^-g-7l# ^\S^1 ^^^1^ «l-7| ^a) 75. JLAlS|^ ^^-lrO| uf^^^i^. 

(^.^aj 7) 

A^7| ^AJ yoj ^oflA^ 

nv&0M|*l 45J ^^IJL, 

R8,R9,R10^R 11 * *?<H:5E SVM-fe -(CH 2 ) n C(0)0R ™ , -(CH 2 ) n 0C(0)R ™ . ~(CH 2 ) n 
OC(0)OR 12 ( ^(CH 2 ) n C(0)R 12 , .(CH 2 ) n OR 12 • -(CH 2 O) n -OR 12 f _( C H 2 ) n C(0)-0-C(0)R 12 
. -(CH 2 ) n C(0)NH 2 . -(CH 2 ) n C(0)NHR 12 § . (C H 2 ) n C(0)N(R 12 ) 2 , -(CH 2 ) n NH 2( -(CH 2 ) 
n NHR 12 , _(CH 2 ) n N(R 12 ) 2 » -(CH 2 ) n 0C(0)NH 2 . -(CH 2 ) n 0C(0)NHR 12 . -(CH 2 ) „ 0C(0)N( 
R 12 ) z , -(CH 2 ) n C(0)CI, -(CH 2 ) n SR 12 f -(CH 2 ) n SSR 12, -(CH 2 ) „ SO 2 R 12 • -(CH 2 ) n SO 
2 R 12 » -(CH 2 ) n OSO 2 R 12 . -(CH 2 ) n SO 3 R 12 , -(CH 2 ) n OSO 3 R 12 , -(CH 2 ) n B(R 12 ) 2 . -( 
CH 2 ) n B(0R 12) 2 , -(CH 2 ) n B(R 12 )(OR 12 ). -(CH 2 ) n N»C=S, -(CH 2 ) n NCO. -(CH 2 ) n N(R 12 



(#^^ 6) 




)C(=0)R 1 2 , -(CH 2 ) „N(R 12 )C(=0)(OR ™ ). -(CH 2 ) n CN, -(CH 2 ) n NO 2 , 



-<GH 2 ), 
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/ \ 

R' 2 RU . -(CH 2 ) n P(R 12 ) 2 , -(CH 2 ) n P(OR 12 ) 2 . "(CH 2 ) n P(R 12 )(OR 12 ), -(CH 2 ) n P 

(=0)(R 12 ) 2 , .(CH 2 ) n P(=0)(OR 12 ) 2 f ^ .(ch 2 ) n P(=0)(R ™ )(OR ™ ) 5. <>1^-<H*! ? 

M-^^lfe- ^4r; §5.3!; 1 MI*1 203 ^ Sfe 7 r *| ^ <y^)^ S^r <&3Hr^3. ^1^^ SEfe *1 

$3*1 ^4^r 5 M1*J 123 a)#^<|}-z); ^-Sj-^^. ^1^7)4 *m3*l 6 M]*l 403 *}^; ^ 

*l«r€ SE-b *1«:3*1 7 Ml*l 153 ^^^(aralkyl); SE^r <ih£^r 3 MM 203 <|*7)\t(alkynyl)°I 

<#7] n ^ 0 MM 10 3 ^4^)JL, R 8 , R 9 f R 10 f ^ R 11 ^ ^ ^V-g-^, ^ gc^ §5.3M d VM ^[ R 8 

4 R 9 SE^ R 10 R 11 7 r Ajs. oj^£|<H 1 MM 103 <£S3<ffl ^§ ^ SiJL, SE^f R 8 ^ R 

9 7} R 10 R 11 f 2] <^ <£:±:^ 4 MM 123 i# SE^r a]^ zi^, £b ^di^ 6 Ml 

*l 173 tg.^ 31 51-^-- # ^jgg. - ojop] f 

^71 ^jj ^7l«i i^S|ir R 12 ^ 2|2f 1 Ml*] 203 3L^f 7}*) <&5fl^ £^ 

^2K^5 *]3:3*1 ^ 5 MM 123 «3K~£3. ^l^MM- A) Q$ x] <g± 

6 MM 403 ^SK^S. ^^r *1^-3*1 &±*r 7 MM 153 °H:^(aralkyl); 3 MM 20 

3 %M^i(alkynyl)o)cK 

^3 ^r^M ^1^3^- ^8 *r-§-7)# 5.^-*Rr ^^.Vfl ^#*H£r ^ ^-§-711- 3L^-*Kr 

^^]# *?<H£. 0.1 MM 99.9 ^% i^r^, °1*8 ^7]# i^Rr ^4: <=>1^^^ ^tM^ °}^- 

^ ^3 ^7> ^^<a ^^.^1^1 ^^3 ^ v ^^ 2tJt^!^| **5fl f ^ ^^11- -g-olH -^S- 

^ ^7} >y-7l ^1 7^1 <>1^-<H*1 ^ u fl ^1^^* -§-^^l« ^ ^# 

^ (CH 2 CI 2 ). ^S-S.^ (CH 2 CICH 2 CI), #^5.^!^! (C 6 H 5 C\)^ Q£r -§-^# 

-§-*Hr ^ol a>^sf^, -fruj A>-§-^ ^^frtt ^^^13 ^^1 Ml^l 0.5 Ml*l 4 «i)7} «}%-^^. 

^3 fM^lS. ^-8-711- a!3*a -irBfl^^l ^-7> ^12:^^ *1<H51 40^^%3 JL^ 

#S XJISS" ^ ^)2i3^ ^7f ^^3 &^^(Mw)^ ^<H£ 100,000 <^1^3 31^*1-^ 7\^ ^ ^[cf. 

t?: -9-71- o]^^ ^^#^5. ^I^^^f^ ^r*!-^ 100.000 Ml*] 1,000.000^.5. ^o] 

^Hfl^^ ^ ^#711- i^-^ jiel^ ^efl^^] ^7} *]^*1 ^ ^-§-5., ^ ^] 

2i7f 7f^3l-S*]^ & ^3 ^^^^S: fe* ^r#5. ^ «"*>^3 ^-&-7l7h S^^l JL^ #^]^^| -?-7> 

^3 ^l^^^^- ^ ^-§-711- ol^^^l^ 3tb ^ 5U£r ^ ^-8-711- 

jiel^ ^ ^-*] <23 ^1-8-^-^1 -f^r^r ^^^1- ^ ^ SU^-. * 

^3 ^^^-^5. ^12:3^ ^ ^-*7ll- i^-sKr ^vflTl) ^^fe ^-^olM- ^ ^v-g-711- 

7V JLe]^ ^^-^olt}-. *1 ^t^^ 7]*^^ ^!*1- 4i*H3 7l ^ (substrate) <>fl ^< ^ SI 

JL, £r. SE^- ^o. ^.^ 7l^J (substrate)^ ^ ^ ^##3 ^^-5. A>-g-^ ^ 

5. ^«=>1 -^^r^, ^^5., ^^^^7]^: ^^(multlchlp modules)^- 

^- ^ vt 3^- ^7] JL^-i-5. ^fc JL^-*r^3 ^-§-71 # i^fe JL3^ ^-efl^^) ^-7> <>1*^ 

'tt^<yal3^^-^ : e3 < §^^ < a -8-^ (conformational unit)^r «W ^fe- ^- 7 fl3 flrfl* -y-Efl (rotational st 
ate)^ 7>a1h^ ^ti(rigid) ^ jie1(phenyl ring)* ^^5. # #3 ^o] 03^^ ^ tfl (extended conf 

ormation)-!: ^ll- ^ Sit}, ole^ ^ ^(extended conformation)!: ^^.^711 JI^a1-o|| ^>a7)# 

sj-^, ^-(compact) ^ Efl (conformation) § ^"JL 21^ ^^^>3 ^-f ja.t} ^-^7]3 £^0.5. ^*r#(intermolecu 
lar)3 ^-^^-^(interaction)^ &7y*}»} 3^, ^*f^3 (packing)^ *1%^ (directional order)!^ ^ 

711 3<H H ^7]^^.5. <^1^^* 7f^ ^ Si#* ^*f#^- ^*rS^. 
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°1**r*J ^^1-* 2:^$ ^ SI*r *H2« ^ Siq-. 5U£r 3^ Jiel 

2^*] *<>l*r^ LCD(Liquid crystal display)* Jitf ^ Si*} 



^efl^Tfl ^7> ?^*8# ^<*} *°fl 7fl^*g ^^.5. ^#^r *fl^*Rr JlBl^ ^efl^Tfl ^7} %■ 

^ *fl2:SHr tir^^r^. ^lofl -g-<33 100 10000 cps. *}*&^*}7\}^ 300 8000 

^PM, ifl^ "o v *l*fl*r ^71-^11: ^jnt ^ 5U*1. 
^<>1 S*7l ^t*H 15. ^15]^ SlEHfl 0 l<S &(R th )cl 70 vflx] 1O 00 nm*l *1«<K} ^ 

(4^*} i) 

R th = A (n y - n 2 ) x d 

#7] IS] *)<HH, 

n y ^ *r# 550 nm*M ^VftS) JL^ ^(fast axis) 3 -g^f-o^L, 

n z fe- ^ 550 nmi^l ^H^r°}3-. 

d^f ^1-51 ^7»<>m. 

ojei^ ^ ^^o] n x = n y < n 2 ^ ](n ^ fr ^(slowaxis)^ 

^^#o} jt # n y ^ JL<*r ^(fast axis)^ ^^#^>]JZ, n z ^ ^ ^^B] ^$)# ^<H cf^^r LC 

D(Liquid crystal display)* Ml7f^ h. C-# ^1^1 H (negative C-plate) ^ *}*^ Si^. 

^7]i4 -l-ofl 5}-^-^^ 2.€- ^ v< a^ 71 ^(standard Schlenk technique) £^ HeJ-<=>) ^ 

^r*^ ±&t^£r «^-7l 300 ^^E^D)Ei(Bruker 300 spectrometer) # A r -§- 

«r°? ^Si^L^, 1 H NMR^ 300 MHz^-M ae] JL ™ C NMR^ 75 MHz<HH 

•S-i^ GPC(gel permeation chromatography) # ^>-g-«r<^ ^-^jSrSi-^ °)^) #^^E] ^1 (polystyrene) S 
^ o.^ ^rS 1 ^. TGA H DSCSJ- ^^-^^ TA lnstrument(TGA 2050; heating rate 10 K/min)# ^l*^^ ^ 
^l^rS^r. 

5^-^^- potassium/benzophenone*fH ^^-^ ^^^a^ 13 !, ^#5.^^^: 4 CaH 2 °^ A 1 

^l^on 1 

2 L al^^^lofl DCPD(dicyclopentadiene. ^He)^), 256.5 nrf, 1.9 mol), «fl«<>rH^elM 2= (<£HeJ ^1, 405 me. 4. 
5mol ), 3ro|H5.f) ^(3.2 g, 0.03 mol)-§- ^ £5.^ 180 'C^l 300 rpm5. lE^^i 6 *}*} a] 

^1 ^, ^5]^ ^r-S-^^ir ^^lJI ^#^15 ^r2m. o)**r^ 1 torr5. W ^^\<^ 50 TCoflA^ o. 
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# £S*i=K<r*: 86 %, exo/endo= 58/42). 

1H-NMR (300MHz in CDCI 3 ): 6.11(m,2H), 3.67(s,exo,3H), 3.60(s,endo,3H), 3.17(s,1H), 3.01 (m,1H), 2.89(m 
, 1 H), 2.20(m,1 H), 1 .88(m,1 H), 1 .42(m,2H) 

2 

2 L ul^*^*7l<>D DCPD(dicyclopentadiene, 1>He|*l, 180 ml, 1.34 mol ), ^ii<>VHliiHM e(junSEI, 500 ^ 3 
49 mol). ^<>lH^£r(2.7 g. 0.025 mol)# ^ ^ £r£# 190 TC*}*) -§-^^. 300 rpm.2.^ iZ^^i 5 *V 
-§-^m ^S.*)^ ^*]JL ^l^^Hl- <>1#*M 1 torrS. ## 80 ^ 

-yir# ^SI^Ct**: 78 %, exo/endo-55/45). 

1H-NMR (300MHz in CDCI 3 ): 6.12(m,2H), 4.09(t,2H), 3.17(s.1H), 3.04(s,1H), 2.92(m,1H), 2.20(m,1H), 1.90 
(m,1 H), 1 .60(m,2H), 1 .40(m,4H), 0.94(t,3H) 

-a^m 1 

(tq#3.3.i>im-8-ni) ^*D*r°1H 5-^-^^1-2-^^^^ ^ofl^ s - Pd(acac) 2 (acac=acetylacetonate) 

HeM ^ <&*1M Pd(acac) 2 (3.5 rag, 11 ^mol), q^^r^-H- ^)H^l^^E^-#^^^^)^.eflo] e ( dimelh 
yl aniliniumtetrakiss(pentafluorophenyl) borate) (14.5 mg, 22 77mol), M^I^V 0 ! #5.^-3 Si: ^ (3.0 mg, 11 ?7m 
ol)# 250 mL 4fl^H(schlenk) 1-^3<>{| Jf-<a*r£<+. °) ^±:3L<^ 5 mt% ^91 ^ <#7) 

<m 1^)>H 5-^31^-2-7}-^^ ^]li*fl^fl^-(10 mL, 55.6 mmci)l- ^^)^ ^JL *-g- -SrS.^ 80 t 5. 

80t:^tsl^ ^^.°im -g-nfll- *L**MI ^M^rf. 80 t *M 18 «>-§-Al^cf. 

•Hi 50 mL ^<h f^i- *t*iji. °i# ^^-i-^ ^U^M ^sa^. 

^HI^ oH^cfl^Bfl s 4 97 g (^-oj^ ^7]^ 48.6 

(tq#^S.^^r -g-m e*H*MH 133MI tflt> 5-^^-2-7}^^ "flfJ^sfls o] . Pd(acac ) 2 

t:^r"fl^°)-§-ti:*9S) 

A <h?l 1*}- ^»g^5. **atF **fl<*(5 mL)-i: A>**rjl sj-71 IL 1S1 3:^^ ^-o] Pd(acac) 2 

^"fi 0 ^ 5,000:1 10,000:1 #^*5E* 80, 90, 100, 110 5. ^SH^l^ 







±5L 






Mw 


Mw/Mn 


(mL) 


CO 


(h) 


tQ] 


[%] 


-a*m 1 


MENB(10) 


80 


18 


5.08 


48.6 


197,600 


2.09 


^AloJ 2 


MENB(10) 


90 


18 


7.06 


67.5 


185,100 


2.16 




MENB(10) 


100 


10 


7.98 


76.3 


166,300 


2.15 


■^A)<Hl 4 


MENB(10) 


110 


10 


8.30 


79.4 


149,400 


2.45 




MENB(17) 


80 


18 


3.91 


22.0 


167,200 


2.31 


-a*i*fi 6 


MENB(17) 


90 


18 


8.13 


45.7 


200,800 


2.04 


^a]^ 7 


MENB(17) 


100 


10 


8.45 


47.5 


145,500 


2.05 




MENB(17) 


120 


10 


13.57 


76.3 


155,800 


2.13 
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^7) & 1°M MENBtt 5-!nJL^-2-7HHl«}4i *>fllH)^3]^- 0 ]^. 
^Al°fl 9 

(cl#5.5.ifli} -g-ufl ^Tj^oflA^ 5-^^-2-^4^*1 i^oJ^^-S) ^ - Pd(acac) 2 » °l-§^ 
Pd ^r<M tHU 1 je.2flole ^xfl a} 

El^o] <£°IH Pd(acac) 2 (3,5 mg, 11 //mol), ^U^e^ ^m^7]^^E}-§^-iJ.5.5i]^)^.^Joi e (dimeth 
yl aniliniumtetrakiss(pentafluorophenyl) borate) (7.3 mg, 11 //mol), Hsj*} 0 li2 5.^! > S3.±:^ (3.0 mg, 11 vmo 
I)* 250 mL ^l^la(schlenk) #^aL<HI ^^rScr. 

°l §^3.^] cl#3.5>llft 5 m£* ^<Z1 ^ ^7] ^12^] 1<HH *fl2:£ 5-*i£.til-2-7Hf-4«14} xH]^ofl^ t fl s_ 
(10 mL, 55.6 mnri)!- -Shfr^H ^JL ^r£.-t 80 t:5. 80 t: 5. ^t^Itt ^#^5.^ £-*Hl- 

*I^*HI ^SrS*^. 80 TC °1H 18 *1*V Wg4. -M*M *}-§-g-^2) ^^£7} ** r *l jL 10 

•l-Mt i£^:*r7l <H3** ^£5. ^^^^r. 18 50 mL #^-^0* ^sM ^<H*l fMt ^ ^ 

80 V3- 24 *m -^oV 5.^-2-^^^ °fl!J°l)^ ^ 7.43 g (^^1 ^*fl 

7]^ 71.0 ^Sicf. §4^(Mw)^ 184,500 *l JL, Mw/Mn£- 2.08 

1Q 

(tq#5.^.pfl^- -§-*}] £}- 90 TC *HH 5-ii^>d!-2-n^^^ «flti°f!^*m - Pd(acac) 2 "t 

A <M -B*H1 9*1- ^^S, tq#s.5.tfl^ -g-nfloj: ( 5 mL ):4 Pd(acac) 2 ^"H^ (^^1 5,000:1 # 

ti])^- f^££. 90 TC <HH ^7] *fl^L*f| i*IM 5-MiL\S-2-n^iI^ "H^^l^tfls -a^) 

31 5-^\2-2-n^-a^^ nfl^ofl^tfl^. 7.95 g (if-oj^ ^^11 %^7\^ 76.0 <f^%)# <£?XA. 

^ (Mw)^ 181,800 Mw/Mn€r 2.13 0 l#t}. 

11 

03#S5>IH& -§-*fl ^*»*HM 5-^11^-2-^^*1 ^iJofl^e _ Pd ( acac ) 2 § oj.g-# ^l^-) 

HBfol ^ oj*^ Pd(acac) 2 (6.0 mg, 20 ^mol). ^]S2|^l^^l^^^^^)^.^]oiH(dimeth 
yl aniliniumtetrakiss(pentafluorophenyl) borate) (32.0 mg, 40 A*mol), MejAj-oj^^^j^^c^^ (5 6 m g i 2 o vm 
ol)# 250 mL *B3!H(schIenk) #5r^Hofl ^-^^fS 1 ^. °1 1-^3.^1 ^#^5.^]^- 5 m£l* ^ ^12: 

^ 2<^^1 5-ii^V8-2-^4^^^: -f-^<Hl^^l^ (20 mL, 100 mmoi)!- ^^Hl^l ^ Jl ^}-§- 80 tS. 

Slcf. 80 TC^ -irel^ ^ CH 2 CI 2 ^1^-^ ^1^^}^^. 80 TC <>II^ 18 ^1^^: ^-g-A]Scf. 

*] ^l^Ai H>^-g-o«5l ^^£7} ^Wal 10 ^15 ^l^ofl^ <HB}-i: ^<H^^. 18 ^1^}- ^ 50 m 

-B-e] ^ «fl7l^ ^^a^ ^^^^11- ^^i^Al 80 ICS. 24 *m ^ 5-^^.^!-2-n^-^^^ 

^ofl^tfl H 7# 28 g (^-<U€ #^=71^ 37.4 ^^%)# 

^1^ = 21 - Pd(acac) 2 1- ^^fl^ <>l-§-t!: ^i]2i) 

^7\ ^X\6§ n4 H <}-^^-5. -§-^^(5 rnD^r Pd(acac) 2 5,000:1 1- 

«!)*§: 90, 100, 110 TC S. ^ <$7\ ^Ajcfl 2 <>flAi 5-^^-^1-2-^^^ 

^ofl^JEL ^Al^rt. ^71 S 2£r <>H tfl^h ^J*\°]x). 
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[g 2] 





(mL) 


±5L 

CC) 


(h) 




Mw 


Mw/Mn 




[%] 


11 


BENB(20) 


80 


18 


7.28 


37.4 


213,700 


1.72 


<a*i<i 12 


BENB(20) 


90 


18 


14.02 


72.1 


186,200 


2.07 


^*l°fl 13 


BENB(20) 


100 


10 


18.43 


95.0 


157,100 


1.88 


^A]oq -|4 


BENB(20) 


120 


4 


16.30 


84.0 


1 30,000 


1.85 



A oM Si 2<HH BENB^r 5-^^-2-7}-^^ ^^ofl^tfl^o]cf . 
*£*)<4 15 

(#3.^^-§-*l) e*fl*Hl>M 5-^^-2-7}^^ ^IHI^^- ^ - Pd(acac) 2 -t °l-g-«- ^3:) 

^ej-o) ^ oHH Pd(acac) 2 (6.0 mg, 20 A*mol). ^ ^ ^ ^ el ^ ^m^7l^^Ej-§^-iL5.^^)UeflolH(dimeth 
yl anilintumtetrakiss(pentafluorophenyl) borate) (32.0 mg, 40 t*mo\), ^^W^tS-mt^L^^ (5.6 mg, 20 /*m 
oi)l- 250 mL «fl3!H(schlenk) It^H^ ^^S^r. °1 *^aL^ 10 ml* ^?<H ^r*l A o v 7) ^ 

2<HW ^12:^ 5-^J£\fl-2-7}^^^} ^iHl^fl^- (20 mL, 100 mad)* ^fr^H-H ^ i 80 t5. -& 

80 *!*8£)fe- «r-g-S-^5j ^^£7r **Ha*=h 18 ^^JL 50 mL f^?-<?5* 

*) 3^r?> 80 24 #2:*r°l 5-^^-2-7}^*! -*MH)^Efl e f^*fl 

6.93 g 35.7 f^%)# ^S***. 

ie~i& 

(#^^^-§-*H ^fl*HM ^£:£ iflSH cfl^h 5-^^-2-7}-^^ -fUofl^tfl^Bl - Pd(acac) 2 # 

#71 ^Aloj n5 <q. ^ ^.^^ ^ uB oj: (^^tflwl 5000:1 !-«l)*r #5.5.^^-8-^1 ^ (10 mL)* 

Al-g-^ji 90, 100, 110 °C 5. ^S^l^ 5-^^.^-2-7^^^^: ^a)^^ 

*r7) 5L 3tt °] °fl ^^M 1 *. 



UL3J 





(mL) 


(t:) 


(h) 




Mw 


Mw/Mn 


[g] 


[%] 


-a*i*fi 15 


BEN B (20) 


80 


18 


6.93 


35.7 


165,800 


1.98 


-a*n 16 


BEN B (20) 


90 


18 


12.86 


66.1 


149,400 


2.02 


^*l<HI 17 


BENB(20) 


100 


18 


14.37 


73.9 


1 38,700 


2.00 


-*J*H 18 


BENB(20) 


110 


18 


17.28 


88.9 


113,800 


1.96 



19 

(♦^^-8-^H **I*HH 5-^^-2-7^*1^ -^H^^^si ^ - Pd(acac) 2 * %*H5. *fl^) 
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He}o] «v>. oH)a} Pd(acac) 2 (6.0 rag, 20 ^mol), ^^9^°V^^^ ^lMeV^l^^Ej-^^-iL^^^jiL^o] E( d | meth 
yl aniliniumtetrakiss(pentafluorophenyl) borate) (32.0 mg, 40 j/mol), (5.6 mg, 20 pm 

ol)-t 250 mL ^)^^(schlenk) ^^+3.°$ ^ c l t^H<>ll 10 ntf-& ^ ^r°J ^ ^A)ofl 2 

°1H S-^Ji^^-^H^^ ^-^ofl^ s. (20 mL, 100 mnd)# ^ JL 80 

80 1C<HH #-§-<>l ^-8-8-^21 *J^J£7 r ^3*}. 18 *<HI 50 mL Wtf-fr 

-§-^* iff! ^ o|«*4| 9**4 <£Sa^. oi 339* -frel »m7ja «eW 

3j*r« ***MI* ^A**!*! 80 TC 5. 24 *m ^-^ 5-^^-2-71-44)^ 7. 

14 g (^<U€ 36.7 ^%)# 

(l-^^-S-Wl fMlSMW igSH) cfltt 5-^:^.^-2-^^^^ ^-^<H|^Hfl s ^§ _ Pd(acac ) 2 ^Dfl^. 

A <M *)*H1 19^ ^ u o Vt 3-2~S- 911ft ^Mfl** OtHMHtflHl 5000:1 t^D^r^*) 31*1 ^^^all: 2:15. * r -8- 
*tjEL ^££1- 80, 90, 100, 110 t5. ^SM^-H 5-^\3-2-^V4^^^r ^iHl^m <^ft-§- -a*l*rSi 
cf. «r7] 4xr *W tflft f>ft 



l& 4] 





(mL) 


[<<Hf*l]]/ 




(h) 




Mw 


Mw/Mn 


[g] 


[%] 




BENB(20) 


2/1 


80 


18 


7.14 


36.7 


128,100 


1.93 


^1*1) 20 


BENB(20) 


2/1 


90 


18 


11.66 


60.0 


128,100 


1.94 


21 


BENB(20) 


2/1 


100 


18 


15.69 


80.7 


120,300 


1.93 


^Ml 22 


BENB(20) 


2/1 


no 


18 


17.59 


90.4 


96,500 


2.06 



< a*m 23 

(cl#^^Dfl^- -g-ofl ^*H*HH 5-^^-2-^1-4^^^ ^ofl^]^ 5-^*^-2-^4^^ ^ofl^s 9 
9ft - Pd(acac) 2 1- &t^S. °19ft *H2:) 

^ ^><>1|Ai Pd(acac) 2 (6.0 mg, 20 ^mol), ^"fl^l-^e]^ 31 Se*7l^«i^ii-^S^)J421|<>1 M(dimeth 
yl aniliniumtetrakiss(pentafluorophenyl) borate) (32.0 mg, 40 pmol), ^^J-o^^an^s^^ (5.6 mg, 20 
ol)# 250 mL ^|^3(schlenk) #et^H^l °1 t^ai q#5.5.pfl^ 5 ^9 \§o] ^ ^-y] ^ 

<*Q 1<HW ^15:^ 5-iiil\a-2-7l-4'tJ^^: "l)U<i:^Ei]H. (9 mL, 50 mnri)^ ^1^1 2*M 5-^^^-2-?f4 
^^^r ^<fHl^^-(10 mL, 50 mmol)9 ^ JL ft9 ^£1- 80 tS. 80 TC5. 9^ ^#5.5. 

^^r *«m- ^S- *!9*H) *t?\W&**. 80 TC*fl>H ^9 d l ^1^5]^ ^^§^7} &«}&^. 18 * 

<H1 *-S-^r ^^31 50 mL V<H -8-^1- frtl ^ ofl^ofl Jf-^^o) ^3 ^^4. 

d l % 1; a^§- -frel ^7lS ^e^i ^f^MIl- ^1^.2.^-^^ 80 t5. 24 ^2:*><H 5-^^-2-^ 

4^^-^ "fllHl^^S}- 5-^^^-2-^1-4^^^ ^^ofl^^e.^] ^^^1 7.39 g (^^JS ^^=^1 #^1^ 38.6 

^Alc4) 24-26 

(cl#^5.^^r -8-pH ^^-oflAi tfl^r 5-^^.>d!-2-^}4^^^ ^^^1^1^ 5-^^-2-^4^ 

^ r^i^soj - Pd(acac) 2 1- £?*!13. 0I-8-* ^I^i) 

-aA]o| 235+ *^.2.S. ^#5.^^^ -§-"11(5 mL)4 ^^fl<y= («-^c«ttl 5000:1 ^))-§r A\&f*5L 

^ 90, 100, 110 ^5}- a) ^l^Al 5-^J±V9-2-?>4^'tf- ^l^ofl^tfl^^ 5-^^-2-^^ 
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1^51 







xrx 






Mw 


Mw/Mn 




(mL) 


CO 


(h) 


[g] 


[%] 


23 


IVI CIM DyZyJ 

BENB(IO) 


80 


18 


7.39 


38.6 


213,200 


2.17 




MENB(9) 
BENB(IO) 


90 


18 


7.99 


41.8 


171,500 


2.10 


-a^H 25 


MENB(9) 
BENB(10) 


10O 


18 


16.02 


83.7 


182,300 


2.13 


-61*1*1 26 


MENB(9) 
BENB(10) 


110 


18 


17.80 


93.1 


164.60O 


2.43 



27 

M-^f-sS*"!) S*8*MW ii^^!^ 5-^^-2-^^^ "fllMl^fl^ - Pd(acac) 2 # <%«BS. <>l-g-3: *S 

2:) 

He j.o) oVofl^ pd(acac) 2 (5.0 mg, 17 // mol), c]^]^^>^e1^- ^l^ef^l^^lEf^^-^.^.^ ^)^.^]oi e ( djmet h 
yl aniliniumtetrakiss(pentafluorophenyl) borate) (26 mg, 33 //mol), Sel^>o|#S.«!^3L^^ (4.6 mg, 17 //mol 
)!- 250 mL ^^(schlenk) ^^Eiofl ^-oj^rf. o] fel-A a o|| f^ofl 4 0 m£« ^-<*1 ^ icJ£\a (9 mL, 82 
.5 mmd)4 ^7] I'M *fl2:€ 5-^:^-2-^^*1 ^ *fl^)^(1 2 m L, 82.5 mnd)§ A o v £r°fl*l ^Jl * 

90 90 TC«W ^£)^r ^|^£7|- feOrS^r. 18 a] ft ^ « -§--§- g 

^j2. 50 mL £<H * JHM) ^S^h <=>) 

-S-ej ^7]s. *?e1*1 ^?^oJ>H 80 VS. 24 ^UvD^ 5-iiJ£\S-2-7Hr 

^l^^^^l^ -g-^fcHfl 15.28 g (^°d€ ^r^^l 75.6 ^^%)# £5fttr.**>* (Mw)€r 224,800 

Mw/Mn^r 2.23 °)Si^f. 

28 

€^*MI*1 iiJ£\3^ 5-^^-2-^^ ^ "U^ofl^^^ - Pd(acac) 2 ■& ^nflS. *H 

HBf^l <*HH Pd(acac) 2 (4.8 mg, 16 //mol), ^ "flU*!- 1 ^^ 31 e^i^E^jjL^^jfj ^)j£e])al e (dimeth 
yl aniliniumtetrakiss(pentafluorophenyl) borate) (25.2 mg, 32 //mol), Mel^oj^^^fl -y^^^ (4.4 mg , 16 
ol)# 250 mL <fl^H(schlenk) He^H^ ^F^rS^r. °) f2f±H«>l| 40 nrf* ^ ^ 2nJiLv9 (5.15 m 

L, 47 mmd)54- #7l 4 £0 fl 1o |)a^ af)^ 5-;tj£v5-2-7r^^*V Ml^°fl^^^(16 mL, 110 mmd)# <*£-<HH ^3 
** ^-£1" 90 ICS. 90 ^-g-£-<3|2j ^*HS^. 18 ^ 

*3^JL 50 mL If <at #r$l * 3**S| <fl«r*oj ^-<a«r°1 «^5*1 °1 

^^^^ ^^ofl^Efl^.^] ^^^-^1 13.0 g ««=*fl ««7l«61.2 cJ-.-B-^r* (Mw)^ 164,8 

00 *]5L. Mw/Mnr 2.03 ^IS^r. 

^^°flAl 5-^^ii^id!^ 5-^^.^-2-71-4^^^ ^Bt^^tfls _ Pd(acac) 2 # ^cfl^ oj 

— ^ «°fl>H Pd(acac) 2 (4.2 mg, 14 //mol), ^^l^o>^e}^ 4me}7]^«^<^££*|^)jL4<>l S(dimeth 
yl aniliniumtetrakiss(pentafluorophenyl) borate) (22.1 mg, 28 //mol), ^ejA^oi^^^^^c^^ j 3 9 mg 14 //m 
ol)# 250 mL 4fl^H(schlenk) ^^^4. °] 9:^3.<^\ W^<£ 40 m£# ^<^1 ^ 5-^-^ii^.\d! ( 
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11.8 mL, 63.7 mod) 5]- <#7] aflscfl -jof^ 5-^^-2-7^^-*}- i^o||A E ||a( 10 mL 68 7 aj-^ 

°1H ^ Jl *S-g- ££.1: 90 *C5. ^§-£tf. 90 r*IH *i>-g-°l ^-g-g-^jS) ^^£7> ^*}£t*. 18 * 

°1 -ff-ej ^7)^ ^^Ai ^^-g- *!^J^g-°1H 80 24 ^o> ^sj-oj ^^14 5-ii 

jL^-2-?HHl«!4* oj ^^fl 15 . 15 g (if <g € ^^ 7 ]^ 73.2 ^Sl^^Hf (Mw) 

139,700 o] JL. Mw/Mnr: 2.24 

^*1*fl 30 

(l-f^-g-*!) ^7fl*HH 5-^*^^!^- 5-^\2-2-^^^4 "flUofl^s - Pd(acac) 2 « %*B3. <>1 

c^o) ^ oV<HH Pd(acac) 2 (4.2 mg, 14 //mol) ( cHH*r^«Jfc- ^H^7li«^#^£^5fl^)JiSM M. (dimeth 
yl anHiniumtetrakiss(pentafluorophenyl) borate) (22.1 mg, 28 //mol), ^2jAr°ll2 (3.9 mg, 14 fim 

ol)# 250 mL <43!aL(schlenk) -f-^^a^. °1 l-^a<H) f-^^ 40 m£« ^ 5-^€^Ji\!} ( 

7.1 mL, 41.2 mcd)^ ^7] 5-^J£\!]-2-7}^^ °fl*^^tfl^(14 mL, 96.2 mmd)f- 

A 1 *V-g- 90 *gtr. 90 TC<HW #-g-o] ^]*g£]^ -g-o> ^>-g-*^^ ^^£7}- ^of^rf. n8 a)^ JfioJ 

#-g-^- ^^ai 50 mL ^<H -g-^^ f^t! * *Hr^] «H«*<* ^- 0 JsH «S«^. °l 

^^l-i- -fr^ «i47l£ ^?^*fll- ^^-g-oJ-H 80 24 ^oj- ^^.^4 5-^Ji 

«-2-^«|* ^^ofl^Efl^Sj 12.1 g PM* §^7]§ 58.1 ^^%)# ^53*4-.^}-^ (Mw)^r 

115,760 o] JL, Mw/Mn^c 1.96 °J S* 1 }. 

g*H 3 1 

(5-}n^\a-2- < y ^e)|o)e f^- _ (Pd(acac) 2 

250 m* 3€3(schlenk) #eH:,3<H| ^^^l^ 2x^1 \S <*M1^°1:= (5-norbornene-2-yl acetate) (5 g, 32.85 mmd)*r 

9 dM- ^SrS*}. <>) #^a<Hl W^<& 1 nrt°fl ^91 Pd(acac) 2 (20.6 mg, 0.067 m 

mol). ^eW^S.^SL^ (18.9 mg, 0.067 mmol), ^"fl^. q#5.^»im 2 me*fl ^91 ^H*}^^ 
^l^^lHf#^iLS.^]^)^.efloiE (Dimethylanilinium tetrakis(pentafluorophenyt) borate) (107.4 mg, 0.134 mmol) 
# ^isr-il 17 80 XT *1H JuL^Sr^ ^-g-AlQcf. 

17 a)^ ^ofl Aj-7] ^V-§.^ 4^ oj^oj ^-oj^ ^^oj ^Sl^r. ol ^^#-1- fl-^ 

u87l^ ;gelAi ^^t!: ^^11* ^l^^<i^ 65 TJ^ 24 ^> ^i^V^ ^^^^ ^^ofl^el 

4.69 g* ^Si^t^^: f^^7l§ 93.8 

1 

-g-ufl 5-^^>dl-2-^^^^- ^-^ofl^^] s _ pd(acac) 2 # ^^1)^ ^-g-^& 

He)-o| ov^^ Pd(acac) 2 (6.0 mg, 20 a* mol), ^^fl^^^^ e}-7l^^l^^-^^.i?|)^)^.^)oi e (dimelh 
yl aniliniumtetrakiss(pentafluorophenyl) borate) (32.0 mg, 40 ^mol), HelA>^l#5.«?^3£^^ (5.6 mg, 20 ^m 
ol)# 250 mL *fl3!3(schlenk) #^3^ ^^^9^. <>1 §^3<i xq^^^oll^ 5 ^ ^ ^o] ^ s$ 7 ] ^ 
*fl 2^1>H 5-ii^id-2-7H*^^^> ( 2o mL, 100 mmol)!: A o v £-*M ^Jl ^-£f 60 D5. ^ 

60 -i:^^- -^cv CH 2 CI 2 -g-*R-t ^ ^l^M ^)7l^cf. 60 r ^1^1 18 Al^oj HV-§-A]gcf. a]^- 
o| ^q-^Ai ^^5.7> 10 Al^j- o^ofl^ j^^7| <Hsj-^ ^^^g^. 18 ^<=>fl 50 m 

L ^<H ^^^1 ^-^ ^ ^^^1 Hl^ofl S^B] ^^!^# °1 ^^i** 

-S-el ^ ^71S. *f^*fl# *!*^<H|A1 80 VS. 24 ?12:*><H 5-^^^1-2-7^^^^ ^ 

^<H|^Efls ^^.^| r2 3 g (-f-°J^l <a-^A|| *^7]^ 6.4 ^^%)# ^3^. 

titiZcfl 2-6 

^^AJ. ^o)|a e1 ]2c) ^^1. _ p d(acac ) 2 ^ ^d})^ ol-g-^ 

A J-7| ^Al^ 113 q. ^ o.^ ^#^5.^]^: -g-^^5 mL)^ Pd(acac) 2 ^fl 0 ^ (W^^Wl 5,000:1 * 

«1)^r ^V-g-^31 ^^S.^ 65, 70, 75, 140, 150 r S. ^ ^7] ^a]^ 2 <>fl^ ^lat€ 5-hi^^-2- 
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(mL) 


£5L 

oc) 


(h) 




Mw 


A « * / ft n m 

Mw/ivin 


[g] 


[%] 




BENB(20) 


60 


18 


1.23 


6.4 


124.600 


1.54 


alS^l 2 


BENB(20) 


65 


18 


1.30 


6.7 


134.200 


1.67 


w] Jl^fl 3 


BENB(20) 


70 


18 


1.52 


7.8 


137.100 


1.68 


wla^I 4 


BENB(20) 


75 


18 


2.15 


11.1 


146,100 


1.88 


alJ5L<4) 5 


BENB(20) 


140 


4 


16.76 


86.0 


87,100 


1.74 


«1^<H1 6 


BENB(20) 


150 


4 


12.50 


64.3 


54.000 


1.88 



100,000 °l A o Vc> l^l^ ^th 10% "l^o|JL. 130 a^It ^-?-<i^ ^^r-&£- 60% ^l^ol^l^> 

100,000 £i±xr ^ 80 vfl^l 130 TCH 

#7] -a^H) 1, ^ 2<HW f^*H* *\7) SL 12} 2zS§3± £o) ^ -§-*«-§• ^)^Jl f <>l 5*^ -g- 

°J?# V^35. SEJ SE^ ti^Ell- -fre| 7]^ ^oflAi 7fl^ ft ^, A o V *^^1 1 ^i^Jl, ^1 -g-^ 

7] 10 o r°fl<M is ^oj. ^a^S 1 *. ^ :f _ 10 t;*iH 10 JiL^ ^ *(knife)5. -fre} 7|4@; 3 
3 ^-f-§- ^ ^V7f 2 % "l^><a ¥^t^l ^ ^^cf. tj« ^4 400 

700 nm^A^ # ^-^t: 5L7^ ^*f) M-eHfl£ch 





^# 3Mi 










^ ^5L(%) 


31 




THF 560 


114 


92 


32 


-a*l*J 23J 


MC 360, 31 TOLUENE 200 


120 


92 



S3 ^l^ 7l7l ^J2:; KOBRA-21 ADH)* °1-8-«f<H ^vflSJ 5l:(R e )•§- ^^*V3., °jAV^Bf ^#^3* 

^n-q 3) 
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R fl x cos ^ f 

x> - Z L 

K * sin 2 0 f 

^ R e ^R y, €#3 *f-m M-nr<H ^-^1-^ (n x -n y )4 ^#*Kn y -n z )# t^S***. ^7] 8 



[3L 8] 







n (^^#) 


(n x -n v )x10 3 


R a, (nm/ m) 


(n Y -n z )x10 3 


5) 


^1°*) isi 


1.52 


0.008 






32 

3 


<a*l°fl 2^ 


1.50 


0.009 


2.13 


2.13 



„ &°] ^7>*>S JL^^ -i-efl^^l Jg-f-s) r m ^ JMf Hl7f^«. ^•^•^^(negative birefringe 

nee; n y >n Z H 33: iL«l§ch 

^S.^-§r ^ ^ -§-7]l- a^-*>fe- oflS. o)^^^)^ o]*> ^ofl al^- ^ $}-cr *h-§-7l# 

2£«-sHr 5LZ)*§ -£-a)H3 ^ 3-8- <^21 #pf|* a>^^ +^$t ^0-^41- t Si«.^, 

^12^ ^3iS\^ ^ i#«Hr ^V5?il ^«3*r°l ^H>4 ^ ^-§-7) 

t-7} «§^*))S1 o|^>g ^ o. jrel^ ^-efl^^ Jf-7 r £°j5)fe *r-§-7l£] ^cfl nfef ^ 

*8^2J S^ol 7l-^«V<^ LCD(Liquid crystal display)* ^#^.5. *1~§-^ ^ Sl^r 



(57) $^£1 
^tP^ 1. 

-&*HNMw)°l ^<H£ TOO.OOO^l ^-§-7l# £^-sKr jiel«g -i-e)l^^|| f Sl«H-M, 

^ ^*7l» ^**>fe ^S.^ 3L^$r 

i ) *>7l Sf*^ 15. SAlsJfe- 2)^-1-. SEfe *>7l Sl-^A 1 JL^slfe- fl-^#21 10 ^ SH. V 1-; 

ii) ^1131 2#»«la, 153*- «if -S-71 SJ-^-t; 3l 

Hi) ^122) 3) if- -g-o]^-^- ^a^S 

•i: a«"*>fe %oH^S-Bf ^#a| ? 1^a1 80 *fl*l 130 t:^ f-^ -fr5L»iH «- 7 l- ^*>fe ^1 

1) 
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,-R 1 




wn-q 2) 



n 



n 



^) 1, ^ sh?-*! 2^ ^i*^, 

1 £^ 2°)oL; 

R 1 , S R 2 -S- *W 1 M|*l 202] £^ 7^) ^ SE^- <&3Hr4i 

3- SE^r *ms]*l 5 vfl^l 1221 Al#5.<^^ ; ^SH^JL BE-^r *1*S]*1 6 

*1 405) «}^; ^1^)5. -8^1- 5.^*Hr 6 40^] ^^H^^. SE^ *l$r£l*1 7 

*1 152] a>f^(aralkyl); 3 vfl^l 2021 ^^^(alkynyl); 3E£r §5-3! -Q^l- Ml*l 1 7|) 5.«-*Hr >S*i 

7}*1 ^ 1 tfl*] 203) S^f °HJ°M; 

R 3 ^4:; $3.3; 1 202] 3E^r 7\*\ ^ <&lL ^1^, ^3}-^5. S 

5 M]*] 122] a]#S. ^^5. *l«r^ SE^r ^l^^l 6 402] o}^ ; 

n^^. €4^1- SE^sRr 6 M)^] 402] *]-fJ; ^S^r^S. SE^f *]^5];*1 7 MM 

15^1 oV^^(aralkyl); 3 Mi*l 202] ^^(alkynyl)*]**. 

^Jt 1 ^* 2. 
1 »H 

A <M b)2] 15^ S.#*H=: -fMSW** ^x]- ^Tfl ^ ^ wl^-B- ^#51. ^ 

7f ^£-*fl21 ^^« 0 v^ : 

<#*M 3) 

P(R 4 ) 3-c [X(R 4 ) d 1 c 

A <M 321 ^o^, 

0 32] X ^ % f ^B]^ f ^rh^JI; 

R ^ ^ ^r4i; Ihfc^ 1 vfl^) 202] 7^1 ^^1, tt?!)^, ^^4:^ 

€ ^i^5]^i a-^ 5 122] Ai^<a-^ ; $^±5. ^l^^i a-^ ihh^ 6 m^i 402] 

6 >*; <£5Hr^- ^l^r€ SE^ ^1*S]^| ^ 7 Ml^l 152] ^>^-^(aralkyl); SE^r 3 202] <£7l^( 

alkynyl); S.e](^r4i=r 1 Ml^l 102] 7M ^tij^li. He](^-^^ 1 ifl^l 102] SE^- 7>^] ^ 

^D-Sll; ^1«:€ £^ ^l^^l 5 122] a] #5.^^)^^; ^e](^-^^^S. ^l^r 

€ SEfe- 6 M]*l 402] ^^)^^; Me](^^S. SE^f 6 4 

02] ^^-Al)^^; LflX] 102] 7 >*] °^^)^^A|; ^^(^^^5. ^]^r^ ^l^S] 

a] ^rdi^ 5 M)*) 122] ^ #^<a^)^-^-Al ; M&](^2H^S. ^l^^ ^ *!hfc^ 6 40 

21 o>*)^A|ol37; ol«fl 2|2^^ ^ ^-7]^ AJ*J S ^ 7}^] #5.^, HL^r ^^JlS. ^ SU-^^, 

&n*\ 4) 



(R 5) 2 P- (R 6)- P(R 5) 2 
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^) 43 *\°i*\ t 

R 5 *W 33 *]3 ^33 

*r 5 123 ^SH^fcS. 3itt *1 3:3*1 6 ^) 20 3 o}Q 3^ ^^5. 

€ SE.fe *1«:3*1 7 vfl^l 153 ol-^:ti(aralkyl)olT^. 

*H 1 »<*"sft°W. 

A o v 7] c)3 13^ €4il- i^fe g-<>l£-!: ^ Si^r 31-71 #*{-^ 55. ^>M3£r ^o] ^.Aj 3J.-g.7l* 
5) 

[Cat] a [Anion] b 

A J-7] 3J-*M 53 ^<HH, 

Cat^r ^fc; 1^ 2^ £fe 3M^3 ^1^-; S °1# °<?°1£ -§- «"ff*Kf *7|^o.5. *l-?-<H*l 

^ ^3*r <£°]£<>1^. o) ^oj^ofl^ y 7 ] b)3 3^7fl ^*Rf Ul^-ft- #*P#-§: 7>^1 15^ *7l S-^-irOl ^ 

Anions A <f7] 1, 31 23 #§§3 M°H wfl$]€ 4 s Sl^r ^<>1£°M, <g^*M 

°m, [SbF 6 ] - , [PF 6 ] - , [AsF 6 ] - , ^#^^.oH)^°lH(perfluoroacetate; [CF 3 CO 2 ] - ), 
iS.«5.^ivi]c>iE ( p erf|uor0 p r0 p jonate; [c 2 F 5 CO 2 ] - ), ^#^-J2..5:^^eI|^|e(perfluorobutyrate; [CF 3 
CF 2 CF 2 C0 2 ] - *)#5.3]*]:E(perchlorate; [CIO 4 ] - ), ^-#^-^^XMl^l^(p-toluenesulfonate; [p 
-CH 3 C 6 H 4 SO 3 ] - ). [SO 3 CF 3 ] - . Jiem'SC ^ x\^y\x\ A)^*] A^^lSiS. 

^l^*! S^S.^ 4i^3fe 

a 3 b*r °<J°1£4 £r°}£2) 7fl^l- M-BhJM. cat*]- anions #71*}°. 3. f^*l 

^T 1 -^ 4. 

3 21*1*1. 

^7] ^«}Aj 5 oj ofo]^^- Jt^-s^ -JM^* [NH(R 7 ) 3 ] + . £fe [N(R 7 ) 4 ] + o] ov^ ; [PH (R ? ) 3 ] + 
, J££r [P(R 7 ) 4 1 ^ i^i^; [C(R 7 ) 3 ] * <a ?^^ f [H(OEt 2 ) 2 ] * , [Ag] + f [Cp 2 Fe] - o) « 
o]^l ^(^7l<Hl^1, ^"7] R 7 1 ifl^l 203 ^ 7M §^ A^. tf^ 

£^ *l€r3*l ^ ^4i^r 5 123 ^)^^ ^#5.^^ 

S^f a)^o s v^ ; ^.^^^ ^l^^ ^ ^I^r3^l ^ 6 ^fl*l 403 ^IW JE 

^ °>^; ^$K^^ £^ 7 ^fl^l 153 ^^^(aralkyl); ^ f> 5.^11^^. 

>H 3 WsM*!, 

A o v 7] ^«J-^ 53 ^.efl^lm ^n)tilo]e^- s}7) 5J-^-^] 5a S^f 5bS S^3^ -g-^^o] ^ af^7l# 

Jl3^ ^efl^^l *f-7\ ^^13 

(^^^ 5a) 

[M(R) 4 ] 

(^■^-^ 5b) 

[M(OR) 4 ] 
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^7] 5a, n 5b*i 

2**^ R & ^5.2J^4:; §5.31-2.5. *msJ$Mv+ ^m*)*) fhi^ 1 20^1 >$j^ SE^ ^^l £ 
*r ^5.^1.2.5. £^ *3:4:^r 5 123 3:3Hr:£3. ^^5] 

*l ^±^r 6 M]*) 403 <>Hi; 3 20^ SE*f 7]-*l ^ Se^^^l S=*r -^t±^ 18 48 

3} 7fx] «^ E^of^^S.Al7l- ^t±^ 6*fl*l 40S] §3.31.2.5. £^ ^}^^J 

7 153 *>§*£(aralkylW^. 

^-i^ 6. 

**) 1 SI*W, 

^7] ^"fl a]^£- 
i ) 10 ^rSj i ^; 

ii) 15^ ^4:1- 2L«-*Hr 3-71 3}-^-!- 1 vfl*| 3 ^; ^ 

iii) 13^ #o]^ ^oj-.^ 1 ^ )2f 

3 3^1.5. ^)a]s)^ *J-*7l# 5.«-«Hf JL^^ ^^Tfl *f-7\ ^§*fl<>) *ti^£^. 

^9^$* 7. 
A 1 

A ch7l ^MMA.tg o. ^n() ^.oj^ol 10 goj^s}^*) ^ ^ y)^jO^ cj-^ ^^tflwl 1/2500 1/1 
00000 ^ ^ ^*7l# 3L«-*R^ jie]% ^efl^Tfl ^7> ^g-sfl^ 

^nf 1 ^ 8. 
1 «-o)l StM^H. 

8 ^Ml'siM-H. 

A o V 7] 3V-g-7l-t ^-3-^ ii^^l ^r^7l- ^-7] Sj^*j 75. 3L*l5]rr S}-§l-<>! ^ *?-§-7)l- S^fe Jie) 

(^^^1 7 ) 

7^ 

0 Ml^l 4^1 ^^olal, 

R 8 ,R 9 ,R 10 , 5 R 11 t ^ -(CH 2 ) „C(0)0R ™ , -(CH 2 ) n 0C(0)R 12 p . (CH 2 ) n 

0C(0)0R 12 r „ ( CH 2 ) n C(0)R 12 p .(CH 2 ) n OR 12 r . (C H 2 0) n -OR 12 t _ (C H 2 ) n C(0)-0-C(0)R 12 
. "( CH 2 ) n C(0)NH 2 f -(CH 2 ) n C(0)NHR 12 § . (C H 2 ) n C(0)N(R ™) 2 , -(CH 2 ) n NH 2 . -(CH 2 ) 
n NHR 12 # -(CH 2 ) n N(R 12 ) 2 f . ( CH 2 ) n 0C(0)NH 2 . -(CH 2 ) n 0C(0)IMHR 12 f _( CH 2 ) n 0C(0)N( 
R 12 ) 2 . "(CH 2 ) n C(0)CI, -(CH 2 ) n SR 12, -(CH 2 ) „ SSR ™ . -(CH 2 ) n SO 2 R 12 » -(CH 2 ) n SO 
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2 R 12 , _( C H 2 ) „ OSO 2 R 12 . -(CH 2 ) n SO 3 R 12 . -(CH 2 ) „ OSO 3 R 12 . -(CH 2 ) „ B(R 12 ) 2 , .( 
CH 2 ) „ B(OR 12 ) 2 • -(CH 2 ) n B(R « )(OR 12 ). -(CH 2 ) „ N=C=S, -(CH 2 ) „ NCO, -(CH 2 ) „ N(R " 

-(CH ; W°\^-R" 

)C(=0)R 12 , -(CH 2 ) „ N(R 12 )C(=0)(OR « ), -(CH 2 ) n CN, -(CH 2 )„N0 2 , *« R,J , 

" n R " , -(CH 2 ) n P(R 12 ) 2 , _(CH 2 ) n P(OR 12 ) 2 . -(CH 2 ) n P(R 12 )(OR 12 ), -(CH 2 ) „ P 
(=0)(R 12 ) j , -(CH 2 ) n P(=0)(OR 12 ) -(CH 2 ) n P(=0)(R 12 )(OR 12 ) 3. °1^-<H*! ^ Sl^b) 

M-^^lfe- "ri; ^3.*J!; <&i^ 1 Ml*l 2021 -5d% EEfe 7^1 <£?fl' i 3 Efe u]^; Sir *1 

£3*1 ^±^r 5 vfl^| 1221 a]#3.<£z1; *1€:5]*1 Qii^r 6 vfl^l 402) oJ-^ ; ifJ-S)- 

ri 3. *1€^ ^l^sj^l ^ ^±=r 7 ^*1 152} o)-Sz}(aralkyl); SEfe- 3 Ml*l 202J -a?l<d(alkynyl) 

^7) R8,R9,Rio.«!Rii^ 3}" -§-7], S£^ % v S.2lo] °V<-^ R 8 4 R » SEfe R iojJr 11 7} 

•S^sH 1 vfl^l 1021 «^^el^l «g^^ ^ SlJl, a^r R a SEfe- R 9 7> R 10 5J r 11 o]± 

2f "Ji^Sl 0 ! 4 vH^J 1221 2SJ- 5.^- ^-22^ at, 6 <-M 172] « 0 >^=^ 2. 3 

^71 3}--g-7)o11 3t#£Jir R 12 ^ 4^. 1 vfl^J 2021 ^ 7W ^fl <£z), SE^ u]^ ; 

*]&€ 5E^ ^-i^r 5 1221 13.3^^5. 7^- *24i 

*r 6 M)*l 4021 *}&^ ^l^sl^l &-£- <£i=r 7 ^fl*l 1521 ^^(aralkyl); 3 vfl*l 20 
21 ^?l^(alkynyl)°m. 

^T tl S' 11. 

1 i&ofl ai^, 

^71 =^ a}-8-7l# £^-*Hr Jiel^ ^-Efl^Tfl ^7} ^^7} ^ 71 # £^*Rr iel«a -i-SU^^Il ^S'f'^, 
-"•IS <4€- =$a§ 4-8-71 i^-*Hr Jie)^ -irefl^Tfl ^^#21 »l^^-*fi E^ ^^-^*h^). Efe ^ 4-8-7] 

# S«-«Hr jiel^ -i-efl^Tfl <a-^*T|^ ^ 4-8-7] # 3L«-*W jne]^ -t-sfl^Tfl *|2] al^W^H] 

^ 3--S-711- i^«i-fe sei<3 -i-^mTii ^ tMsi ^s^^. 

^-p - ^" 12. 

^1 1 ^ 51°!^. 

A J-7l a)-8-7l# i'g-*!-^ JLSl^ -i-eimTfl -?-7> §-^}^(Mw)«l 100,000 Ml^l I.OOO.OOO'a ^ ^-S- 

7l€- a% v *>fe Jiel^ -t-efl^Tll *f-7} ^^21 

13. 

^l 1 ^ 7l^)sl ^la^^^-S. ^ISSl^- &4?(Mw)°l 1O0,0OO<?l ^ 4-8-711- S^fe- Jiel^ -i-eflJJlTil 

14. 

^ 1 ^ 7)^51 >02:5lfe- -g-*Hf(Mw)°] 2$°15. 1 00.000 "Jl 4-8-7H- S^SKf oLel^ -i-eflja^l 

£#*Hr W ol^ ^-i-. 

■^T 1 "^' 15. 

* 14 «o|fl«H'*l. 

A ^7l #4 o}w^ *V7l 4=^-4 13. XAlSlfe- slEl-cfloi-a St(R )o| 70 1000 nm^ <>1^ 

(4^^4 1) 

R m - A (n y - n z ) x d 
121 
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n y 550 nmoiH ^HS^fe- ig*flsj 3L$r ^(fast axis)£j «JH*°|3L ( 

n 2 ^ 550 nm1^ ^SlSr ^*f) ^^#o|jr f 
d^r ^MM*}. 

^^.^ 16. 

14 5tf<H*i, 



n v = n w < n, v 



A <M ^ oJtg-Aj jg^o) ^^i-o] "x 

^ H^r ^(fast axis)Sl JL. n z ^ ^ LCD( Liquid crystal display)* ^\]7}€\ 

«. C-#3]°1 ^(negative C- plate) JL A o v ^ ^S. 
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60 

Yield 
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150000 
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